Abstract HIV-infected pregnant women in sub-Saharan Africa are at risk for depression and alcohol abuse. Young women may be more vulnerable, but little is known about the psychosocial functioning of this population. We compared younger (18-24 years old) and older (≥25 years old) HIVinfected pregnant women initiating antiretroviral therapy (ART) in Cape Town, South Africa. Women were assessed on a range of psychosocial measures, including the Alcohol Use Disorders Identification Test and the Edinburgh Postnatal Depression Scale (EPDS). Among 625 women initiating ART, 16 % reported risky alcohol use and 21 % alcoholrelated harm; these percentages were similar across age groups. When younger women were stratified by age, 37 % of 18-21 years old versus 20 % of 22-24 years old reported alcohol-related harm (p = 0.02). Overall, 11 % of women had EPDS scores suggesting probable depression, and 6 % reported self-harming thoughts. Younger women reported more depressive symptoms. Report of self-harming thoughts was 11 % in younger and 4 % in older women (p = 0.002). In multivariable analysis, age remained significantly associated with depressive symptoms and report of self-harming thoughts. Level of HIV-related stigma and report of intimate partner violence modified the association between age and depressive symptoms. Young HIV-infected pregnant women Health (2017) 20:149-159 DOI 10.1007 in South Africa were more likely to report depressive symptoms and self-harming thoughts compared to older women, and the youngest women reported the highest levels of alcohol-related harm. HIV-related stigma and intimate partner violence may be moderating factors. These findings have implications for maternal and infant health, underscoring the urgent need for effective targeted interventions in this vulnerable population.
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Background
The transition from adolescence to the independence of young adulthood is a complex process that involves the development of gradually increasing abilities for long-term planning, selfreliance, and emotional stability. Limited capacities in these domains place adolescents and young adults at risk for hazardous substance use, risky sexual behaviors, and poor mental health outcomes. South Africa has high rates of adolescent and youth pregnancy, with 12.4 % of young women aged 15-19 years old reporting ever having been pregnant (Gray and Vawda 2016) . Young women in South Africa are also at high risk of new HIVacquisition, with the highest lifetime risk occurring before the age of 25 (Kharsany et al. 2012; Pettifor et al. 2005) . Emerging data from Kenya and South Africa demonstrated that being an HIV-infected adolescent mother was associated with decreased engagement in antenatal care, lower uptake of prevention of mother-to-child transmission (PMTCT) services and antiretroviral therapy (ART), increased dropout at all stages of the PMTCT care and treatment cascade, and two to three times the odds of mother-to-child HIV transmission when compared to adult women (Fatti et al. 2014; Horwood et al. 2013; Ramraj et al. 2015; Ronen et al. 2015; Woldesenbet et al. 2015) .
There are several psychosocial factors that may be associated with poorer PMTCT outcomes among HIV-infected pregnant women in South Africa, including depression, alcohol use, and intimate partner violence. Among HIV-infected pregnant women in South Africa, prevalence of depression is 30-50 % and is associated with less social support, higher levels of HIV-related stigma, and poverty (Desmond et al. 2012; Napierala Mavedzenge et al. 2011; O'Connor et al. 2011) . Among HIV-infected pregnant women in South Africa, 20-30 % used alcohol; those using alcohol were more likely to be young and report depressive symptoms (Desmond et al. 2012; O'Connor et al. 2011; Vythilingum et al. 2012) . Women in South Africa also report high rates of intimate partner violence during pregnancy, with prevalence rates ranging from 30 to 50 % (Shamu et al. 2011) . Both depression and alcohol abuse are associated with poor adherence to ART, which could lead to poor PMTCT outcomes (Nakimuli-Mpungu et al. 2012; Psaros et al. 2014; Turan et al. 2014) . Additional data are needed in South Africa evaluating depression and alcohol use and their effects on uptake and maintenance of PMTCT and resulting infant outcomes. In addition, 60 % of pregnancies in South Africa are unplanned with even higher rates (85 %) among younger women (Woldesenbet et al. 2015) . Most HIV-infected women are diagnosed when they are routinely tested when presenting for antenatal care during pregnancy.
Studies among South African adolescents report 20-40 % prevalence of depression and 13 % risky alcohol use (Cheng et al. 2014; Kaufman et al. 2014; Nduna et al. 2010) . Some studies suggest that younger age may be associated with risky alcohol use and depression during pregnancy (HIV status not specified) (Hartley et al. 2011; O'Connor et al. 2011) . Evaluation of depression, alcohol use, and other psychosocial factors in young HIV-infected pregnant women, who may be at highest risk for adverse psychosocial profile, pregnancy, and PMTCT outcomes, has not been well described, which may be critical for prevention and treatment efforts. To date, few evidence-based interventions exist for this population.
The World Health Organization has identified young people as a vulnerable population, defined as 15 to 24 years of age (World Health Organization 2013) . Therefore, the goals of this paper are to describe demographic and psychosocial factors in HIV-infected pregnant women, comparing younger women in the cohort, 18-24 years old to those ≥25 years old. Elucidating these factors presents an opportunity for potential interventions to improve maternal treatment outcomes in this highly vulnerable and under-recognized population that may have far reaching implications for their children and families.
Methods

Study sample
HIV-infected pregnant women were recruited from the Gugulethu Midwife Obstetric Unit in Cape Town, South Africa, a large public sector clinic that provides primary antenatal services to the surrounding district and sees approximately 4800 women annually. This facility serves an estimated population of 350,000, with high levels of poverty; 60 % of the community lives in informal housing and has an unemployment rate of 40 % (Myer et al. 2015 ; Strategic Development Information City of Cape Town GIS Department 2011). More than 95 % of women attend at least one antenatal clinic visit before delivery, and PMTCT services are integrated into antenatal care. HIV prevalence was 33 % among women attending the clinic and 23 % in the surrounding district. ART has been integrated into antenatal care since January 2012 and Option B+ since July 2013 . During the study period, 99-100 % of women offered HIV testing accepted the testing. Depending on the time period based on changing service delivery models at the clinic, approximately 34-46 % of HIVinfected women presenting to care were already on ART and 54-66 % were not on ART at the time of presentation to care. Prior to July 2013, 83 % of those ART eligible were initiated on ART during pregnancy. After the adoption of Option B+, 92 % of women initiated ART during pregnancy .
Data for this study came from an observational cohort of HIV-infected pregnant women enrolled in the Strategies to Optimize Antiretroviral Therapy Services for Maternal and Child Health (MCH-ART) study, a multiphase implementation science study evaluating strategies for HIV care and treatment delivery during the postpartum period to HIV-infected pregnant women initiating ART and their exposed infants (https://clinicaltrials.gov/ct2/show/NCT01933477) . This is a secondary analysis that focuses on the observational cohort of women who initiated ART during pregnancy and were followed through delivery. Of 658 ART-eligible women, 628 women were enrolled, with 23 women not successfully enrolled due to late gestational age at presentation to care and 7 women refusing participation.
Procedures/measurements/variables
Women found to be HIV infected upon presentation to antenatal care were referred for enrollment into the study. These women completed demographic and pregnancy-related questionnaires at their first antenatal care visit (first study visit). CD4 (Beckman Coulter) and HIV viral load (Abbott RealTime HIV-1) testing was performed as part of routine care and subsequently abstracted from patient charts for study purposes. These laboratory blood tests were processed by the South African National Health Laboratory Services. Questionnaires were selected based on prior use and/or validation in African populations. All questionnaires were translated into isiXhosa, back translated into English, and administered by trained interviewers.
A composite poverty score was developed in order to categorize participants into tertiles based on their relative level of disadvantage. This composite score was calculated based on current employment status and a standardized composite asset index score based on housing type and household access to a flush toilet, piped water inside the home, electricity, and a refrigerator, telephone, and television. Participants were categorized from least to most disadvantaged based on this score (Brittain et al. 2016) .
The London Measure of Unplanned Pregnancy (LMUP) was administered at the first study visit. Women also were administered a range of psychosocial measures, including the Edinburgh Postnatal Depression Scale (EPDS), the Alcohol Use Disorders Identification Test (AUDIT), selfreported perceived availability of social support, and HIV Social Impact Scale (a measure of stigma), all administered during the second study visit which corresponded with their second antenatal clinic visit.
The LMUP assesses pregnancy intention of the current pregnancy. It contains six questions each scored from 0 to 2 and is scored on a scale of 0-12, with lower scores indicating unplanned pregnancy and higher scores indicating planned pregnancy. It was recently validated in Malawi (Hall et al. 2013) .
The EPDS contains ten questions assessing depressive symptoms experienced in the past 7 days, with each question scored on a scale of 0-3 and total scores ranging from 0 to 30. It has been validated for use in pregnant women and has been validated in multiple African settings (Tsai et al. 2013) . In this analysis, the EPDS is used as a continuous variable due to the variability of scores in the South African literature and to be able to evaluate depressive symptoms (Hartley et al. 2011; Turan et al. 2014; Vythilingum et al. 2012) . The most widely used cutoff score in the South African literature is ≥13 to suggest probable depression (Manikkam and Burns 2012; Rochat et al. 2013; Turan et al. 2014; Vythilingum et al. 2012) . Therefore this cutoff score was also used to be able to compare overall prevalence of probable depression with other cohorts in South Africa. Question 10 of the EPDS, regarding self-harming thoughts in the past 7 days, was also examined individually.
The AUDIT, one of the most widely used assessments of alcohol use globally (Babor et al. 2001) , contains ten questions assessing patterns of alcohol use in the prior 12 months, with each question scored on a scale of 0-4 and total scores ranging from 0 to 40. An overall score above 6 indicates risky alcohol use (Vythilingum et al. 2012) . Any score greater than zero in questions 7-10 indicates that alcohol-related harm (e.g., memory loss and injury to self or others) has already been experienced (Babor et al. 2001) .
The Social Impact Scale is a measure of HIV-related stigma and contains seven questions each scored from 1 to 5 for a total score of 7-35, with higher scores indicating more stigma. This scale also assesses for two dimensions of stigma, social rejection, and internalized shame (Fife and Wright 2000) .
The perceived availability of social support contains 12 questions each scored from 1 to 5 for a total score of 12-60, with higher scores indicating greater perceived social support (Cohen 1988) .
The World Health Organization Violence Against Women questionnaire contains 13 questions, four relating to psychological violence, six relating to physical violence, and three relating to sexual violence (García-Moreno 2005) . In this analysis, we included any experience of psychological, physical, or sexual intimate partner violence during the past 12 months.
Statistical analysis was conducted using SAS software, version 9.4 (SAS Institute, Inc., Cary, NC, USA). Categorical comparisons were made using chi-square tests, and means were compared by Student's t tests. First, the associations between age, defined as younger (18-24 years) versus older (≥25 years), and a variety of demographic and psychosocial factors were investigated. A second univariate analysis was then performed in order to identify other demographic and psychosocial variables that could be associated with the outcomes found to be significantly different between the two age groups (depressive symptoms and report of self-harming thoughts). These other psychosocial variables included harmful alcohol use, experience of alcohol-related harm, pregnancy intentions, social support, social impact score, and intimate partner violence. A multivariable linear regression model was then built to assess the associations between age and depressive symptoms while adjusting for the significant associations found on the second univariate analysis. Similarly, a multivariable logistic regression model was built in order to assess the associations between age and report of self-harming thoughts. Variables that significantly modified the association between age and depressive symptoms or age and report of self-harming thoughts were analyzed using stratification by categorical variable or tertiles for continuous variables.
The younger age group was further stratified into women aged 18-21 and 22-24 years; these subgroups were compared to further elucidate if the youngest women were at higher risk for an adverse psychosocial profile. There were several missing questionnaires due to accidental skipping of questionnaires in the cohort overall. Nine LMUP questionnaires were missing, and the perceived availability of social support, HIV Social Impact Scale, and World Health Organization Violence Against Women questionnaire each had two questionnaires missing.
All procedures were reviewed and approved by the Human Research Ethics Committee of the Faculty of Health Sciences, University of Cape Town, and the Institutional Review Board of Columbia University Medical Center. Written informed consent was obtained from all individual participants included in the study. Women found to have symptoms of depression, suicidality, or problematic alcohol use were linked to the appropriate clinical and social services both within the clinic and in the community. Any woman found to be experiencing intimate partner violence was referred to the main local nongovernmental agency that supports victims of domestic violence and to the South African Police Service.
Results
Demographic characteristics
A total of 628 HIV-infected pregnant women who were enrolled in the study were initiated on ART in antenatal services in Cape Town, South Africa, between March 2013 and June 2014. Three women did not complete the questionnaires, two missed the visit when the questionnaires were administered, and one was lost to follow-up; therefore, 625 women were included in this analysis (Table 1) . At enrollment, the mean age was 28 years; the mean CD4 cell count and HIV-RNA viral load were 383 cells/mm 3 and 3.9 log copies/mL, respectively (CD4 results were missing for 17 women). Eighteen percent of women were presenting with their first pregnancy, and 55 % were diagnosed with HIV during the current pregnancy. During the second study visit when most of the questionnaires were administered, 94 % of the women were in their second or third trimester and 84 % had initiated tenofovir and efavirenz with either lamivudine or emtricitabine as a daily single-pill combination regimen for a mean time of 20 days. The remaining 16 % had not yet initiated ART by the second antenatal visit (but were still included in the study). Overall, 41 % of women were married or cohabitating, 26 % had completed secondary or tertiary level of education, and 38 % were employed, including 11 % who reported being in school.
The mean age for younger women (ages 18-24 years) was 22 and 30 years for older women (≥25 years). Younger women were more likely to be experiencing their first pregnancy and to have been diagnosed with HIV during this current pregnancy and were less likely to be married or cohabitating. Using the poverty composite score, 37 % of women were categorized as the most disadvantaged, 31 % moderately disadvantaged, and 32 % least disadvantaged. Poverty levels were not significantly different between the two groups.
Psychosocial characteristics
Psychosocial characteristics are presented in Table 1 . Pregnancy intentions were low with a mean LMUP score of 5. On average, women reported a high level of social support (mean score 51), and experiencing low stigma (mean score 15) on the Social Impact Scale. Overall, 21 % of women reported having experienced any kind of intimate partner violence, with 15 % reporting psychological abuse, 15 % reporting physical abuse, and 2.2 % reporting sexual abuse by their partners during the past 12 months. There were no differences in pregnancy intentions, perceived availability of social support, stigma, or intimate partner violence between younger and older women.
The mean score on the EPDS was low at 5.3. Eleven percent of women had depression scores ≥13, suggesting probable depression, and 6 % reported self-harming thoughts during the last 7 days. On the AUDIT, 16 % reported risky alcohol use and 21 % reported alcohol-related harm (e.g., memory loss, injury to self or others related to alcohol use) over the past 12 months. Younger women reported more depressive symptoms with a mean EPDS score of 6.1 versus 5.0 in older women (p = 0.03) and were more likely to report self-harming thoughts in the last 7 days (11 vs. 4 %, p = 0.002) compared to older women.
Depressive symptoms and associated factors
Women who reported higher depressive symptoms were younger, single, reported harmful alcohol use, alcoholrelated harm, lower pregnancy intentions, less social support, experiencing higher levels of stigma, and intimate partner violence (Table 2) . After adjusting for these variables and for poverty, younger age remained significantly associated with more depressive symptoms (β = 0.9, 95 % CI 0.1-1.8, p = 0.04). Those reporting self-harming thoughts were more likely to be younger and report experience of higher levels of stigma and intimate partner violence (Table 3) . After adjusting for these variables and for poverty, younger age remained significantly associated with report of self-harming thoughts (aOR = 3.2, 95 % CI 1.5-6.6, p = 0.002). Poverty level was not significantly associated with depressive symptoms or report of self-harming thoughts.
Level of stigma and report of intimate partner violence significantly modified the association between age and depressive symptoms. To evaluate this further, stigma was stratified by tertiles into low (<14), medium (14-18) and high (>18) levels of stigma; and intimate partner violence dichotomized to no experience of intimate partner violence and any experience of intimate partner violence. Among women experiencing the highest levels of stigma, the younger women reported significantly more depressive symptoms compared to older women (mean EPDS score 10.4 vs. 6.9, p < 0.001, Fig. 1 ). Among women experiencing intimate partner violence, younger women reported more depressive symptoms compared to older women (mean 9.8 vs. 6.8, p = 0.01, Fig. 2 ).
Subgroup analysis of youngest women aged 18-21 versus 22-24
Overall, demographic characteristics were similar in women aged 18-21 compared to women of 22-24 years old. There were no differences in mean CD4, HIV-RNA viral load, proportion diagnosed with HIV during the current pregnancy, proportion already initiated on ART, mean time on ART, education, or employment. The youngest women, aged 18-21, were much more likely to be experiencing their first pregnancy (73 vs. 33 % in those 22-24 years old) and less likely to be married or cohabitating (8 vs. 40 % in those 22-24 years old). Of 18-21 years old, 63 % were still in school, which was significantly higher than those 22-24 years old.
Assessing psychosocial factors, 18-21 years old women had similar levels of depressive symptoms and report of self-harming thoughts, pregnancy intentions, social support, stigma, and intimate partner violence. The youngest women, 18-21 years, reported significantly higher rates of risky alcohol use at 29 % (compared to 14 % in women aged 22-24 years, p = 0.03) and higher rates of alcoholrelated harm at 37 % (compared to 20 % in women aged 22-24 years, p = 0.02, Fig. 3 ). 
Discussion
Among this cohort of HIV-infected pregnant women initiating ART, there were low rates of scores suggesting probable depression and report of thoughts of self-harm at 11 and 6 %, respectively, and moderately high rates of reported risky alcohol use and experience of alcohol-related harm at 16 and 21 %, respectively. Our rates of probable depression were much lower than those reported in the South African literature, which ranges from a depression prevalence of 40-50 % among pregnant women, and rates were similar among HIVinfected women presenting for antenatal care (Hartley et al. 2011; Manikkam and Burns 2012; Rochat et al. 2013; Vythilingum et al. 2012) . To measure significant depression symptoms, much of the reported literature in South Africa uses a cutoff of 12-13 on the EPDS (Hartley et al. 2011; Manikkam and Burns 2012; Rochat et al. 2013; Sawyer et al. 2010; Tsai et al. 2013; Vythilingum et al. 2012) . While the EPDS has been validated in South Africa, the cutoff point for possible clinical depression is unclear. Mean EPDS scores in this population have been reported to be 12-13.5, which is higher than our mean of 5.3 (Manikkam and Burns 2012; O'Connor et al. 2011) . Our lower scores on the EPDS may also be due to the fact that our sample of women is engaged in antenatal care and have agreed to be part of a larger research study. They may therefore be intrinsically at less risk for depression and alcohol use, although we are limited by the lack of data on women who did not present to antenatal care. Women who are linked to care and initiated on ART have been shown to have lower depression prevalence than those who are not (Turan et al. 2014) . Depression during pregnancy has been associated with low birth weight, preterm labor, intrauterine growth retardation, and increased risk of alcohol use (Grote et al. 2010; Vythilingum et al. 2012) . Treatment of depression has been shown to improve adherence to ART (Sin and DiMatteo 2014) . Therefore, while the rates of depression in our cohort was relatively low, our data is biased towards those engaged in care, and further studies are needed to further elucidate the role of screening and treating depression in order to improve health outcomes for this population. Young HIVinfected pregnant women were more likely to report depressive symptoms and self-harming thoughts. Younger age remained significantly associated with depressive symptoms and self-harming thoughts even after adjusting for other factors. In HIV-infected adolescents and young adults in South Africa, prevalence of depression ranges from 18 to 41 % (Cheng et al. 2014; Kim et al. 2014; Nduna et al. 2010) . We also did not detect differences by age or associations with our outcomes despite high levels of poverty. This may be because overall rates of poverty are high in this community with little variance, limiting our study's ability to evaluate the effects of poverty on depression and other psychosocial factors. Our overall moderately high rate of risky alcohol use is comparable to that reported in the literature among pregnant and HIV-infected pregnant women in South Africa (Desmond et al. 2012; O'Connor et al. 2011) and is consistent with the high rates of fetal alcohol syndrome reported in the Western Cape, South Africa (May et al. 2007; Olivier et al. 2013 ). We also found moderately high rates of harmful alcohol use during pregnancy, with the youngest women (18-21) reporting the highest rates of risky alcohol use (29 %) and alcohol-related harm (37 %). Depressive symptoms and risky alcohol use may be contributing to and be consistent with the emerging literature regarding poor PMTCT engagement and outcomes among younger HIV-infected pregnant women (Ramraj et al. 2015; Ronen et al. 2015; Woldesenbet et al. 2015) .
Stigma and intimate partner violence were found to have significant associations with depressive symptoms and self-harming thoughts, which is consistent with prior studies (Psaros et al. 2014; Turan et al. 2014) . While both groups of women experienced similar amounts of stigma and intimate partner violence, younger women reporting higher levels of stigma and experience of intimate partner violence were more likely to have depressive symptoms and self-harming thoughts when compared to older women reporting similar levels of stigma and intimate partner violence. This may be related to the transition towards adulthood and under-developed coping mechanisms and emotional stability, and these vulnerabilities may therefore be consistent with normative developmental challenges such as the importance of fitting into peer groups, risktaking behaviors, and struggles with self-esteem and insecurity. However, this is exacerbated by HIV and pregnancy, making these young HIV-infected pregnant women highly vulnerable, and may have long-term consequences for their own health outcomes and those of their infants and families.
The study has several strengths. It has an overall large sample size compared to previous studies and has used a wide breadth of questionnaires to evaluate many psychosocial aspects in this population, allowing us to evaluate their potential associations with one another. It also draws attention to the youngest and most vulnerable women within this population. Our study has several limitations. Our sample consisted of HIV-infected pregnant women presenting to antenatal care who were also willing to participate in a research study, so they may not be representative of the general population. Also, while the questionnaires are validated in our population, the cutoff scores still vary in the literature. All questionnaires were completed using face-to-face interviews and may therefore have some under-reporting (of symptoms) bias. The cross-sectional nature of the study does not allow us to evaluate causality or evaluate symptom progression or resolution over the course of pregnancy or postpartum. Finally, while we would have liked to capture pregnant women even younger than 18 years of age, the larger overall study design excluded those experiencing pregnancy among this age group.
Conclusion
HIV-infected young pregnant women are at increased risk for depressive symptoms and self-harming thoughts, even after adjusting for other significant demographic and psychosocial factors. The youngest women have high levels of alcoholrelated harm. Given the impact of depression and alcohol abuse on HIV treatment and pregnancy outcomes, these data point to the need for interventions targeting this highly vulnerable population.
